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Abstract 

Purpose: CTLA-4 is one of the most fundamental immunosuppressive cotykines which belongs to the immunoglobulin 
super-family, and is expressed mainly on activated T cells. Previous studies have reported the existence of CTLA4 60G/A and 
CTLA4 -1661 A/G polymorphism in cancers. However, the effects remain conflicting. Hence, we performed a meta-analysis to 
investigate the association between these polymorphisms and cancer risk. 

Methods: We searched the Pubmed and Web of Science databases until October 24, 2013 to obtain relevant published 
studies. Pooled odds ratios (ORs) and corresponding 95% confidence intervals (CIs) for the relationship between CTLA4 
gene polymorphisms and cancer susceptibility were calculated by stata 1 1 software. Heterogeneity tests, sensitivity analyses 
and publication bias assessments were also performed in our meta-analysis. 

Results: A total of 22 articles comprising 31 case-control studies concerning the CTLA-4 60G/A and CTLA-4 -1661 A/G 
polymorphisms were included in the meta-analysis. The pooled results suggested the CTLA-4 60G/A polymorphism was 
significantly associated with an increased skin cancer risk (AA vs. GG: OR = 1 .32, 95%CI = 1 .09-1 .59; AA vs. GA+GG: OR = 1 .26, 
95%CI = 1 .07-1 .48). For CTLA-4 -1 661 A/G polymorphism, the results showed that the CTLA-4 -1 661 A/G polymorphism was 
significantly associated with an increased cancer risk (GA vs. AA: OR = 1.44, 95%CI = 1.13-1.82; GA+GG vs. AA: OR =1.35, 
95%CI = 1.07-1.69; G vs. A: OR =1.21, 95%CI = 1.01-1.47), especially in gastric cancer, breast cancer, other cancers and in 
Asians population subgroups. 

Conclusion: Our meta-analysis suggests that the CTLA-4 -1661 A/G polymorphism is a potential factor for the susceptibility 
of cancer, especially in gastric cancer, breast cancer and other cancers, and the CTLA-4 60G/A polymorphism is significantly 
associated with increased skin cancer risk. The effect of the CTLA-4 -1661 A/G polymorphism on cancer susceptibility 
especially exists in Asians and population based subjects. 
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Introduction 

Cancer is a major cause of death in most countries, and it is 
estimated that the number of new cases of patients will be more 
than 15 million in the coming decade, creating a substantial 
worldwide public health burden [1]. Recently researches have 
shown that cancer is the result of complex interactions in many 
factors, especially between inherited and environmental factors 
[2] . However, the exact aetiology and mechanism of carcinogen- 
esis still have not been clearly elucidated. In recently years, it has 
been velar that genetic variation is an important factor contributes 
to the development and progression of cancer, and an increasing 
number of studies have focused on the interactions between 
genetic factors and cancer susceptibility [3]. 



Cytotoxic T lymphocyte antigen-4 (CTLA-4), one of the most 
fundamental immunosuppressive cotykines, is a co-inhibitory 
molecule belonging to the immunoglobulin super-family, and is 
expressed mainly on activated T cells [4]. This molecule is a 
homodimeric glycoprotein receptor on CTLs and CD28 homo- 
logue, although CTLA-4 shares homology with CD28, it has a 
higher binding affinity of the CD80/CD86 ligands than CD28, 
which results in the inhibition of T-cell proliferation, activation 
and cytokine production [5,6]. Recent studies showed that mice 
deficient the CTLA-4 gene were bom healthy but died early due 
to severe lymphoproliferative disorders and autoimmune diseases 
[7] . In tumor, CTLA-4 is upregulated on the T cells with the help 
of TGF-P (a suppressive cytokine secreted by the tumor cells), and 
during the early stage of tumorigenesis, CTLA-4 may elevate the 
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T-cell activation threshold, thereby attenuating the antitumor 
response and increasing cancer susceptibility [8] . CTLA-4 protein 
is encoded by CTLA-4 gene, which is located in several immune 
regulatory genes area of human chromosome 2(2q33-2q37). More 
than 100 single nucleotide polymorphisms (SNPs) have been 
identified in the CLTA-4 gene. Among the CTLA-4 gene 
polymorphisms, two polymorphisms including CTLA4 60G/A 
(rs3087243) in the 3'-UTR, and CTLA4 -1661 A/G (rs4553808) in 
promoter region were widely studied and have been reported to be 
associated with susceptibility to inflammatory diseases, autoim- 
mune diseases and cancers [9,10]. 

In recent years, CTLA-4 gene has been the research focuses in 
the scientific community, and a number of epidemiological 
studies have been performed to assess the possible interaction 
between the CTLA-4 gene polymorphism and cancer suscepti- 
bility, including breast cancer, cervical cancer, lung cancer, 
glioma and so on. However, the results of the different studies are 
conflicting. For example, Hou et al. found that CTLA-4 -1661 A/ 
G is associated with significantly increased risk of gastric cancer, 
but Hadinia et al. reported that no significant association was 
found between CTLA-4 -1661 A/G polymorphism and colorectal 
cancer [11,12]. Thus, the association between CTLA-4 gene 
polymorphisms and cancer susceptibility requires further inves- 
tigation. Hence, in this paper, we perform a meta-analysis on 
previous reports to investigate the association of CTLA-4 gene 
polymorphism with cancer. 

Materials and Methods 

Study eligibility and validity assessment 

We performed a computerized literature search of the Pubmed 
and Web of Science databases using the search terms "CTLA-4 or 
Cytotoxic T lymphocyte antigen-4" and "polymorphism" updated 
until October 24, 2013. To obtain all eligible publications, the 
related reference articles were reviewed to identify other poten- 
tially eligible publications. The studies not matching the eligible 
criteria were excluded in our meta-analysis. 

Inclusion criteria 

All studies were included in the meta-analysis if met the 
following criteria: 1) articles on CTLA4 60G/A (rs3087243) and/ 
or CTLA4 -1661 A/G (rs4553808) and cancer risk; 2) use a human 
case-control design; 3) contain sufficient published data for 
estimation of odd ratios (ORs) with a 95% confidence interval (CI). 

Data extraction 

According to the inclusion criteria listed above, necessary data 
from all of the eligible publications were extracted by two 
investigators (Yan and Wang) independently. Disagreement 
between the two investigators were resolved by discussion until a 
consensus was reached. For each study, the following information 
was extracted including: the first author's name, publication data, 
country of origin, genotyping methods, ethnicities of the sample 
population, cancer type, source of control group, total number of 
cases and controls, and the number of cases and controls with 
CTLA-4 gene polymorphisms. 

Statistical methods 

First, we assessed HWE for the controls in each study. The 
strength of the association between variant allele of CTLA-4 gene 
polymorphisms and cancer risk was assessed by ORs with 95% 
confidence intervals (CIs). The statistical significance of the pooled 
OR was calculated by the Z test, a P<0.05 was considered to be 
statistically significant (P-values were two sided). Analysis 



between homozygote model, heterozygote model, dominant 
model, recessive model and allelic models was also done to 
estimate cancer risk. Subgroup analyses were also conducted by 
HWE, cancer type (if a cancer type with only one individual study 
was combined into other cancer group), source of controls and 
ethnicity. Statistical heterogeneity was considered to be significant 
when the P was <0.05. In case of a significant heterogeneity, the 
pooled ORs were analyzed using a random effects model (the 
Dersimonian and Laird method) [13]. If insignificance (P>0.05) 
was found, a fixed-effects model (the Mantel-Haensze method) 
should be used [14]. The inter-study variance I 2 (I 2 = 100% x(Q.- 
df)/QJ was used to quantitatively estimate heterogeneity, and the 
percentage of I 2 was used to describe the extend of heterogeneity, 
where I 2 <25%,25-75%, and >75% represent low, moderate and 
high inconsistency, respectively[15,16]. Additionally, sensitivity 
analyses were also performed by omitting each study to reflect the 
influence of individual data on summary ORs. Finally, publication 
bias was weighted by Begg's funnel plot and Egger' linear 
regression method, when P<0.05 was considered statistically 
significant [17]. All analyses were conducted by the software Stata 
(Version 11; Stata corporation, College Station, Texas, USA). All 
p-value were two-sided and a P<0.05 was considered to be 
statistically significant. 

Results 

Characteristics of included studies 

The flow diagram illustrates the main reasons for studies 
searching and selecting (Figure 1), and the selected study 
characteristics were summarized in Table 1 . A total of 22 articles 
comprising 3 1 case-control studies concerning the CTLA-4 60G/ 
A (rs3087243) and/or CTLA-4 -1661A/G (rs4553808) polymor- 
phisms were included in the meta-analysis. 

For CTLA-4 60G/A (rs3087243) polymorphism, there were 17 
articles [18,19,20,21,22,23,24,25,26,27,28,29,30,31,32,33,34] met 
the inclusion criteria with 5571 cases and 5567 controls, 1 article 
(Cozar et al.) [20] provided 2 kinds of cancers (renal cancer and 
colorectal cancer) in CTLA-4 60G/A polymorphism, thus, each 
type of cancer in these articles was treated as a separated case- 
control study. So, there were a total of 18 case-control studies 
included in our meta-analysis. Among the 18 studies, there were 
1 1 studies of population-based population, and 7 studies of 
hospital-based population. 1 8 studies included 8 studies of Asians 
and 10 studies of Caucasians. In the eligible studies, there were 3 
studies of breast cancer, 2 studies of skin cancer, 2 studies of lung 
cancer, 2 studies of lymphoma, 2 studies of bone cancer, 1 study of 
thymoma, 1 study of renal cancer, 1 study of multiple myeloma, 1 
study of head and neck cancer, 1 study of gastric cancer, 1 study of 
colon carcinoma and 1 study of oral cancer. The distributions of 
the genotypes in the control groups in 2 studies were not in HWE 
[24,25]. For CTLA-4 -1661A/G (rs4553808) polymorphism, 12 
articles [11,12,21,25,26,29,31,32,34,35,36,37] containing 13 indi- 
vidual case-control studies with 2455 cases and 2977 controls were 
included in our meta-analysis. 8 studies were carried out in Asian 
population and 5 studies were carried out in Caucasians. Among 
the eligible studies, there were 2 studies of gastric cancer, 2 studies 
of breast cancer, 2 studies of oral cancer, 2 studies of bone cancer, 
1 study of lung cancer, 1 study of colorectal cancer, 1 study of 
cervical cancer, 1 study of lymphoma and 1 study of esophageal 
cancer. The control sources were population-based in 9 studies 
and hospital-based in 4 studies. The distributions of the genotypes 
in the control groups in 2 studies were not in HWE [11,12]. 
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1053 articles and related reference indentified 




872 Excluded 
84 reviews 

500 not for cancer research 

168 not for CT60 G/A or -1661 A/G polymorphism 

20 meta-analysis 



100 full-text considered for further evaluation 



78 Excluded 
5 reviews 

49 not for cancer research 

23 not for CT60 G/A or 1661 A/G polymorphism 

1 meta-analysis 



22 articles included in meta-analysis 



17 articles for CT60 G/A 



12 articles for G1790A 



Figure 1. Study flow-chart illustrating the literature search and eligible study selection process. 

doi:10.1371/journal.pone.0083710.g001 



Main results of meta-analysis 

The main results of meta-analysis about CTLA-4 60G/A 
polymorphism were shown in Table2. Firstiy, we conducted meta- 
analysis of the effect of CTLA-4 60G/A polymorphism on the 
susceptibility of cancers based on 18 case-control studies (Table 2, 
Figure 2). The results showed no significant association between 
the two in all five models (AA vs. GG: OR = 0.99, 95%CI = 0.78- 
1.24; GA vs. AA: OR= 1.03, 95%CI = 0.94-1.13; AA+AG vs. 
GG: OR=1.01, 95%CI = 0.88-1.15; AA vs. GA+GG: 
OR = 0.98, 95%CI = 0.81-1. 18; A vs. G: OR = 0.99, 
95%CI — 0.89-1.1 1). We then performed the subgroup analyses 
stratified by cancer types, ethnicity and source of controls. The 
pooled ORs for homozygote model comparison and recessive 
model comparison suggested the CTLA-4 60G/A polymorphism 
was significantly associated with an increased skin cancer risk (AA 
vs. GG: OR= 1.32, 95%CI = 1.09-1.59; AA vs. GA+GG: 
OR= 1.26, 95%CI= 1.07-1.48). In the subgroup analysis by 
source of controls, we found that subjects with AA or AG genotype 
had 1.13 fold higher risk than those with GG genotype in hospital 
based population (AA+AG vs. GG: OR= 1.13, 95%CI= 1.01 
1.28). The remaining subgroup pooled ORs from this analysis 
were insignificant (all P>0.05) (Table 3). Sensitivity analysis was 
then performed by excluding the studies with controls not in 
HWE. The results were similar to those when the studies with 
controls not in HWE were included (Table 2). 

The main results of meta-analysis about CTLA-4 -1661 A/G 
polymorphism were shown in Table 3. The results on all 1 3 studies 
showed that the CTLA-4 -1661 A/G polymorphism was signifi- 
candy associated with an increased cancer risk (GA vs. AA: 
OR= 1.44, 95%CI= 1.13-1.82; GA+GG vs. AA: OR=1.35, 
95%CI= 1.07-1.69; G vs. A: OR= 1.21, 95%CI = 1.01-1.47) 
(Table 3, Figure 3). Subsequently, we performed subgroup 
analyses based on the difference of cancer type, ethnicity and 
source of controls. Significant associations were found in gastric 
cancer (GA vs. AA: OR= 1.65, 95%CI= 1.14-2.04), breast 
cancer (GA vs. AA: OR= 1.55, 95%CI= 1.21-1.98; GA+GG vs. 



AA: OR= 1.55, 95%CI= 1.22-1.97; G vs. A: OR=1.45, 
95%CI= 1.18-1.80) and other cancers (GA vs. AA: OR= 1.60, 
95%CI= 1.05-2.46; GA+GG vs. AA: OR= 1.51, 95%CI= 1.02- 
2.24; G vs. A: OR= 1.26, 95%CI= 1.05-1.52). In the subgroup 
analysis by ethnicity, the significant association was found between 
the increased cancer risk and Asians (GA vs. AA: OR = 1 .46, 
95%CI= 1.13-1.88; GA+GG vs. AA: OR= 1.39, 95%GI= 1.11- 
1.74; G vs. A: OR= 1.27, 95%CI = 1.06-1.53). A marginal 
significant association between the CTLA-4 -1661 A/G polymor- 
phism and increased cancer risk was detected in population based 
group under heterozygote model, dominant model and allele 
model (GA vs. AA: OR= 1.74, 95%CI = 1.49-2.04; GA+GG vs. 
AA: OR= 1.60, 95%CI= 1.38-1.86; G vs. A: OR=1.37, 
95%CI= 1.20-1. 56). The remaining pooled ORs from this meta- 
analysis were not significant (P>0.05) (Table 3). Then we 
performed reanalysis after exclusion the studies with controls not 
in HWE. The results from the heterozygote model comparison, 
dominant model comparison and allelic frequency comparison 
showed no evidence that the CTLA-4 -1661A/G polymorphism 
was significantly associated with an increased other cancers risk 
(GA vs. AA: OR= 1.57, 95%CI = 0.93-2.67; GA+GG vs. AA: 
OR=1.13, 95%CI = 0.91-2.47; G vs. A: OR=1.31, 
95%CI = 0.91-1.88). The other results were similar to those when 
the studies with controls not in HWE were included (Table 3). 

Heterogeneity, sensitivity and publication bias tests 

Significant heterogeneity was observed in some comparison 
models (P<0.10), and the results were shown in Table 2 and Table 
3. We performed sensitivity analysis by removing each individual 
study sequentially for CTLA-4 60G/A (rs3087243) and CTLA-4 - 
1661A/G (rs4553808), respectively. The results indicated that the 
overall significance of the pooled ORs were not altered by any 
single study in the genetic models for the CTLA-4 60G/A 
(rs3087243) and CTLA-4 -1661A/G (rs4553808) polymorphism 
and cancer susceptibility, which suggest the stability and reliability 
of our overall results. 



PLOS ONE | www.plosone.org 



3 



December 2013 | Volume 8 | Issue 12 | e83710 



The CTLA-4 60 G/A and -1661 A/G and Cancer Risk 



Table 1. Characteristics of studies included in the meta-analysis. 



Source 

First Gene of 



author 


Year 


Country 


Ethnicity 


Cancer type 


type 


controls 


Cases 


Controls 


Case 






Control 




HWE 




















MM 


MW 


WW 


MM 


MW 


WW 




Chuang 


2005 


Germany 


Caucasian 


Thymoma 


60 G/A 


PB 


125 


1 73 


40 


61 


24 


43 


95 


35 


Y 


Cheng 


2006 


Taiwan 


Asian 


Gastric 


60 G/A 


HB 


62 


250 


3 


20 


39 


17 


79 


154 


Y 


Cozar 


2007 


Spain 


Caucasian 


Renal 


60 G/A 


PB 


127 


1 75 


23 


55 


49 


47 


88 


40 


Y 


Cozar 


2007 


Spain 


Caucasian 


Colorectal 


60 G/A 


PB 


95 


1 75 


1 9 


56 


20 


47 


88 


40 


Y 


Wang 


2007 


China 


Asian 


Breast 


60 G/A 


PB 


117 


1 48 


24 


47 


46 


18 


56 


74 


Y 












-1661 A/G 


PB 


109 


1 48 


62 


45 


2 


111 


35 


2 


Y 


Hadinia 


2007 


Iran 


Caucasian 


Gastric 


-1661 A/G 


PB 


46 


1 88 


37 


9 


0 


145 


36 


7 


N 


Hadinia 


2007 


Iran 


Caucasian 


Colorectal 


-1661 A/G 


PB 


109 


1 88 


74 


33 


2 


145 


36 


7 


N 


Li 


2008 


China 


Asian 


Breast 


60 G/A 


PB 


328 


327 


32 


124 


172 


20 


114 


193 


Y 


Welsh 


2009 


USA 


Caucasian 


Skin 


60 G/A 


HB 


1591 


821 


450 


791 


350 


280 


385 


156 


Y 


Bouwhuis 


2010 


Netherland 


Caucasian 


Melanoma 


60 G/A 


PB 


763 


733 


246 


355 


162 


223 


388 


122 


N 


Hou 


2010 


China 


Asian 


Gastric 


-1661 A/G 


PB 


205 


262 


1 1 2 


71 


22 


163 


54 


45 


N 


Kammerer 


2010 


Germany 


Caucasian 


Oral 


-1661 A/G 


HB 


40 


83 


35 


4 


1 


48 


25 


10 


Y 


Rahimifar 


2010 


Iran 


Caucasian 


Cervical 


-1661 A/G 


PB 


55 


110 


25 


28 


2 


74 


31 


5 


Y 


Khaghanzadeh 


2010 


Iran 


Caucasian 


Lung 


60 G/A 


PB 


124 


95 


30 


51 


43 


21 


36 


38 


N 












-1661 A/G 


PB 


126 


118 


87 


36 


3 


91 


23 


4 


Y 


Liu 


2011 


China 


Asian 


Osteosarcoma 


60 G/A 


HB 


267 


282 


1 76 


77 


14 


188 


83 


11 


Y 












-1661 A/G 


HB 


267 


282 


1 77 


76 


14 


197 


73 


12 


Y 


Cheng 


2011 


China 


Asian 


Esophageal 


-1661 A/G 


PB 


205 


205 


115 


82 


8 


145 


53 


7 


Y 


Karabon 


2011 


Poland 


Caucasian 


Lung 


60 G/A 


HB 


208 


325 


70 


109 


29 


112 


156 


57 


Y 


Karabon 


2012 


Poland 


Caucasian 


Myeloma 


60 G/A 


PB 


193 


374 


81 


88 


24 


128 


180 


66 


Y 


Li 


2012 


China 


Asian 


Breast 


60 G/A 


PB 


581 


566 


361 


197 


23 


361 


182 


23 


Y 












-1661 A/G 


PB 


574 


551 


405 


153 


16 


425 


115 


11 


Y 


Erfani 


2012 


Iran 


Caucasian 


HNSCC 


60 G/A 


HB 


80 


81 


21 


44 


15 


14 


34 


33 


Y 


Bharti 


2013 


India 


Asian 


Oral 


60 G/A 


PB 


130 


180 


12 


47 


71 


34 


79 


67 


Y 












-1661 A/G 


PB 


120 


180 


94 


26 


0 


162 


18 


0 


Y 


Khorshied 


2013 


Egypt 


Caucasian 


Lymphoma 


60 G/A 


PB 


181 


200 


36 


94 


51 


44 


96 


60 


Y 


Liu 


2013 


China 


Asian 


Lymphoma 


60 G/A 


HB 


291 


300 


197 


84 


10 


208 


82 


10 


Y 












-1661 A/G 


HB 


291 


300 


220 


66 


5 


216 


78 


6 


Y 


Feng 


2013 


China 


Asian 


Sarcoma 


60 G/A 


HB 


308 


362 


210 


87 


11 


243 


105 


14 


Y 












-1661 A/G 


HB 


308 


362 


209 


83 


16 


252 


96 


14 


Y 


Total: 










60 G/A 




5571 


5567 


2031 


2387 


1153 


2048 


2326 


1193 














-1661 A/G 




2455 


2977 


1652 


712 


91 


2174 


673 


130 





W: wide type alleles (60 G or -1661A); M: mutant type alleles (60 A or -1661G); HWE: Hardy-Weinberg Equilibrium; PB: population based; HB: hospital based; HNSCC: 
head and neck squamous cell carcinoma. 
doi:1 0.1 371 /journal.pone.008371 0.t001 



A Begg's funnel plot and Egger's test were used to assess the 
publication bias in our meta-analysis. The funnel plots were 
basically symmetric, and Egger' test indicated no publication bias 
(P>0.05). 

Discussion 

Recent findings in the field of tumor immunology have 
extended our understanding of interactions between immune 
system and tumor cells, it has become clear that the immune 
system can facilitate tumor progression through three phases: 
elimination, equilibrium, and escape [38,39,40]. CTLA-4 is a 
negative regulator of T-cell proliferation and activation, recent 



studies shows that it plays an important role in cancer 
immunosurveillance and may be involved in tumor development 
and progression [41] . It has been suggested that during early stages 
of tumorigenesis, CTLA-4 may elevate the T-cell activation 
threshold, attenuating the antitumor response and increasing 
cancer susceptibility [34]. However, studies focusing on the 
association of the CTLA-4 gene polymorphism with cancer 
susceptibility had controversial conclusions. The lack of concor- 
dance across these studies reflects limitation in the individual 
study, such as small sample sizes, ethnic difference and environ- 
ment. Meta-analysis is a powerful tool which can overcome the 
problem of small sample size and inadequate statistical power of 
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Figure 2. Forest plot of the association between cancer risk and the CTLA-4 60G/A polymorphism using the homozygote model (AA 
vs. GG). 

doi:10.1371/journal.pone.0083710.g002 



genetic studies of complex traits, summarize the results from 
different eligible studies and provide more reliable results than a 
single case-control study. 

In this meta-analysis, we investigated the association between 
CTLA-4 60G/A (rs3087243) and CTLA-4 -1661 A/G (rs4553808) 
and cancer risk. The subgroup analysis stratified by ethnicity, 
source of controls and cancer types were also performed. For 
CTLA-4 60G/ A polymorphism, a total of 1 8 studies, comprising 
5571 cases and 5567 controls, our meta-analysis on the available 
studies suggested no significant increased cancer risk in all of the 
genetic comparison models. The results were robust, which did not 
vary materially after we excluded the study with controls not in 
HWE. When we performed subgroup analysis by cancer type, we 
found the CTLA-4 60G/A (rs3087243) polymorphism is corre- 
lated to significant increased skin cancer. It was reported that 
CTLA-4 gene palys an important role in UV-induced immune 
suppression as well as in development of skin cancer, transgenic 
mice that express a skin-specific CTLA-4 antagonist, developed 
fewer skin tumors after chronic exposure to UV [42] . The CTLA- 
4 60G/A polymorphism is a key susceptibility locus for 
autoimmune and cancer, previous results indicated that presence 
of G alleles in polymorphic sites 60G/A polymorphism was 
associated with lower levels of membrane and cytoplasmic CTLA- 
4 in CD4+ T lymphocytes [43]. Moreover, in the subgroup 
analysis of source of controls, hospital-based group showed 
significant increased risk of cancers, and the results did not vary 
materially after we performed the sensitivity analysis. The 
remaining pooled ORs from this analysis were insignificant (all 
P>0.05). 

For CTLA-4 -1661 A/G (rs4553808) polymorphism, the SNP - 
1661 A/G is located in the promoter region of CTLA-4. Allelic 
variants located in the promoter region may change the motif of 
functional DNA binding sites and then affect the affinities for the 
relevant transcription factors, which is important for regulation of 
transcription and alternative splicing. Previous data demonstrated 
that transcription factor c/EBP/p could bind to the -1661 sites in 



the presence of G allele, thereby regulate the function of CTLA-4 
[29]. In our meta-analysis, we found significant association 
between CTLA-4 -1661 A/G polymorphism and increased cancer 
risk in heterozygote model, dominant model and allele model. The 
results were very robust, which did not vary materially when we 
performed the sensitivity analysis (exclusion the study with controls 
not in HWE). In the subgroup analysis by ethnicity, we observed a 
significant association between increased cancer risk and Asian 
population, the sensitivity analysis by deleting studies with controls 
deviating from HWE still showed a significant association, which 
demonstrated our results were reliable. However, we did not found 
any significant increased cancer risk in Caucasians, ethnicity may 
be an essential biological factor which influences CTLA-4 - 
1661 A/G polymorphism through gene to gene interaction. 
Moreover, when the data were stratified by cancer type, a 
significant increased cancer risk was observed in gastric cancer, 
breast cancer and other cancers. However, after we performed the 
sensitivity analysis, we did not found significant association 
between increased cancer risk and other cancers. In the subgroup 
analysis by source of controls, we found significant association 
between increased cancer risk and population based group. The 
remaining pooled ORs from this analysis were insignificant. 
Recent studies reported that CTLA-4 blockade could enhance the 
effect of a potent p53-expressing MVA vaccine, enhance the CTL 
response to p53 [44,45]. These results suggest that the CTLA-4 - 
1661 A/G polymorphism may be affect the expression and 
function of p53, and may be related to the tumor development. 

To a certain extent, our meta-analysis still includes some 
limitations, which should be interpreted and taken into consider- 
ation. First, the lack of observations concerning gene-gene and 
gene-environment interactions could influence our results. Second, 
although the total number of studies was not small, there were still 
not sufficient eligible studies for us to analyse different types of 
cancers, such as breast cancer, renal cell carcinoma or lung cancer, 
more studies are needed to research the potential relationship 
between the CTLA-4 60G/A (rs3087243) and CTLA-4 -1661A/ 
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Figure 3. Overall association between the CTLA-4 -1661 A/G polymorphism and cancer risk for all subjects using the heterozygote 
model (GA vs. AA). 
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G (rs4553808) polymorphisms and cancer susceptibility. Third, the 
lack of detailed original data, such as the age and sex of the 
populations, smoking status, or alcohol consumption in the eligible 
studies may influence our further analyses. However, our meta- 
analysis also has many advantages. First, we searched all possible 
publications, and the total number of eligible studies was much 
larger than other previously published meta-analyses; therefore, 
our results are more convincing. Second, no publication bias was 
detected in our meta-analysis. Finally, the genotype distribution of 
controls did not agree with the HWE in the studies were excluded 
by sensitivity analysis, we revealed these studies did not affect the 
pooled ORs, so, our results were robust and reliable. 

Conclusions 

In the present study, our meta-analysis suggests that the CTLA- 
4 -1661 A/G polymorphism is a potential factor for the suscep- 
tibility of cancer, especially in gastric cancer, breast cancer and 
other cancers, and the CTLA-4 60G/A polymorphism is 
significandy associated with increased skin cancer risk. The effect 



of the CTLA-4 -1661 A/G polymorphism on cancer especially 
exists in Asians and population based subjects. Due to existing 
limitations, additional well-designed studies with large sample size 
concerning gene-gene and gene-environment interactions are 
required to present more robust evidence for the association, 
and further molecular studies are warranted to clarify the effects of 
CTLA-4 60G/A and CTLA-4 -1661 A/G polymorphisms on the 
susceptibility and progression of cancers. 

Supporting Information 

Checklist SI PRISMA checklist. 

(DOC) 

Author Contributions 

Conceived and designed the experiments: PZ AG. Performed the 
experiments: QY PC. Analyzed the data: QX PC PZ AG. Contributed 
reagents/materials/analysis tools: AL. Wrote the paper: QY PC PZ AG. 



References 

1. Jcmal A, Bray F, Center MM, FerlayJ, Ward E, et al. (2011) Global cancer 
statistics. CA Cancer J Clin 61: 69-90. 

2. Pharoah PD, Dunning AM, Ponder BA, Easton DF" (2004) Association studies 
for finding cancer-susceptibility genetic variants. Nat Rev Cancer 4: 850-860. 

3. Hocijmakers JH (2001) Genome maintenance mechanisms for preventing 
cancer. Nature 411: 366-374. 

4. Cooper JD, DuffinJ, Zapol WM (1975) Cannulation of ascending aorta for long- 
term membrane oxygenator support. J Thorac Cardiovasc Surg 69: 905-908. 

5. Leach DR., Krummcl MF, Allison JP (1996) Enhancement of antitumor 
immunity by CTLA-4 blockade. Science 271: 1734-1736. 

6. Walunas TL, Lenschow DJ, Bakkcr CY, Linslcy PS, Freeman GJ, et al. (201 1) 
Pillars article: CTLA-4 can function as a negative regulator of T cell activation. 
Immunity. 1994. 1: 405-413. J Immunol 187: 3466-3474. 

7. Sun T, Hu Z, Shen H, Lin D (2009) Genetic polymorphisms in cytotoxic 
T-lymphocyte antigen 4 and cancer: the dialectical nature of subtle human 
immune dysregulation. Cancer Res 69: 6011-6014. 

8. Egcn JG, Kuhns MS, Allison JP (2002) CTLA-4: new insights into its biological 
function and use in tumor immunotherapy. Nat Immunol 3: 61 1-618. 

9. O'Day SJ, Hamid O, Urba WJ (2007) Targeting cytotoxic T-lymphocyte 
antigen-4 (CTLA-4): a novel strategy for the treatment of melanoma and other 
malignancies. Cancer 110: 2614-2627. 



10. Menard C, Ghiringhelli F, Roux S, Chaput N, Mateus C, et al. (2008) Cda-4 
blockade confers lymphocyte resistance to regulatory T-cells in advanced 
melanoma: surrogate marker of efficacy of tremelimumab? Clin Cancer Res 14: 
5242-5249. 

11. Hou R, Cao B, Chen Z, Li Y, Ning T, et al. (2010) Association of cytotoxic T 
lymphocyte-associated antigen-4 gene haplotype with the susceptibility to gastric 
cancer. Mol Biol Rep 37: 515-520. 

12. Hadinia A, Hossicni SV, Erfam N, Sabcri-Firozi M, Fattahi MJ, et al. (2007) 
CTLA-4 gene promoter and exon 1 polymorphisms in Iranian patients with 
gastric and colorectal cancers. J Gastroenterol Hepatol 22: 2283-2287. 

13. DerSimonian R, Laird N (1986) Meta-analysis in clinical trials. Control Clin 
Trials 7: 177-188. 

14. Mantel N, Haenszel W (1959) Statistical aspects of the analysis of data from 
retrospective studies of disease. J Natl Cancer Inst 22: 719—748. 

15. Higgins JP, Thompson SG (2002) Quantifying heterogeneity in a meta-analysis. 
Stat Med 21: 1539-1558. 

16. Higgins JP, Thompson SG, Decks JJ, Altman DG (2003) Measuring 
inconsistency in meta-analyses. BMJ 327: 557-560. 

17. Egger M, Davey Smith G, Schneider M, Minder C (1997) Bias in meta-analysis 
detected by a simple, graphical test. BMJ 315: 629-634. 



PLOS ONE | www.plosone.org 



8 



December 2013 | Volume 8 | Issue 12 | e83710 



The CTLA-4 60 G/A and -1661 A/G and Cancer Risk 



18. Chuang WY, Strobcl P, Gold R, Nix W, Schalkc B, ct al. (2005) A CTLA4high 
genotype is associated with myasthenia gravis in thymoma patients. Ann Neurol 
58: 644-648. 

19. Cheng TY, Lin JT, Chen LT, Shun CT, Wang HP, et al. (2006) Association of 
T-cell regulatory gene polymorphisms with susceptibility to gastric mucosa- 
associated lymphoid tissue lymphoma. J Clin Oncol 24: 3483-3489. 

20. Cozar JM, Romero JM, Aptsiauri N, Vazquez F, Vilchez JR, et al. (2007) High 
incidence of CTLA-4 AA (CT60) polymorphism in renal cell cancer. Hum 
Immunol 68: 698-704. 

21. Wang L, Li D, Fu Z, Li H, Jiang W (2007) Association of CTLA-4 gene 
polymorphisms with sporadic breast cancer in Chinese Han population. BMC 
Cancer 7: 1 73. 

22. Li H, Fu ZK, Wang LH, Li DL, Wu N, et al. (2008) [Association of cytotoxic T 
lymphocyte antigen-4 gene polymorphisms with susceptibility to breast cancerj. 
Xi Bao Yu Fen Zi Mian Yi Xue Za Zhi 24: 282-284. 

23. Welsh MM, Applebaum KM, Spencer SK, Perry AE, Karagas MR, et al. (2009) 
CTLA4 variants, UV-induced tolerance, and risk of non-melanoma skin cancer. 
Cancer Res 69: 6158-6163. 

24. Bouwhuis MG, Gast A, Figl A, Eggermont AM, Hemminki K, et al. (2010) 
Polymorphisms in the CD28/ CTLA4/ICOS genes: role in malignant 
melanoma susceptibility and prognosis? Cancer Immunol Immunother 59: 
303-312. 

25. Khaghanzadeh N, Erfani N, Ghayumi MA, Ghaden A (2010) CTLA4 gene 
variations and haplotypcs in patients with lung cancer. Cancer Genet Cytogenet 
196: 171-174. 

26. Liu Y, He Z, Feng D, Shi G, Gao R, et al. (2011) Cytotoxic T-lymphocyte 
antigen-4 polymorphisms and susceptibility to osteosarcoma. DNA Cell Biol 30: 
1051-1055. 

27. Karabon L, Pawlak E, Tomkicwicz A, Jcdynak A, Passowicz-Muszynska E, et al. 

(2011) CTLA-4, CD28, and ICOS gene polymorphism associations with non- 
small-cell lung cancer. Hum Immunol 72: 947—954. 

28. Karabon L, Pawlak- Adam ska E, Tomkicwicz A, Jcdynak A, Kielbinski M, et al. 

(2012) Variations in suppressor molecule ctla-4 gene are related to susceptibility 
to multiple myeloma in a polish population. Pathol Oncol Res 18: 219—226. 

29. Li D, Zhang Q, Xu F, Fu Z, Yuan W, ct al. (2012) Association of CTLA-4 gene 
polymorphisms with sporadic breast cancer risk and clinical features in Han 
women of northeast China. Mol Cell Biochem 364: 283-290. 

30. Erfani N, Haghshenas MR, Hoseini MA, Hashemi SB, Khademi B, et al. (2012) 
Strong Association of CTLA-4 Variation (CT60A/G) and CTLA-4 Haplotypes 
with Predisposition of Iranians to Head and Neck Cancer. Iran J Immunol 9: 
188-198. 



31. Bharti V, Mohanti BK, Das SN (2013) Functional genetic variants of CTLA-4 
and risk of tobacco-related oral carcinoma in high-risk North Indian population. 
Hum Immunol 74: 348-352. 

32. Feng D, Yang X, Li S, Liu T, Wu Z, et al. (2013) Cytotoxic T-lymphocyte 
antigen-4 genetic variants and risk of Ewing's sarcoma. Genet Test Mol 
Biomarkers 17: 458-463. 

33. Khorshied MM, Gouda HM, Khorshid OM (2013) Association of cytotoxic T- 
lymphocyte antigen 4 genetic polymorphism, hepatitis C viral infection and B- 
eell non-Hodgkin lymphoma: an Egyptian study. Leuk Lymphoma. 

34. LiuJ, Song B, Wang T, Liu Y, Hao J, ct al. (2013) Genetic variations in CTLA- 
4, TNF-alpha, and LTA and susceptibility to T-cell lymphoma in a Chinese 
population. Cancer Epidemiol. 

35. Kammerer PW, Toyoshima T, Schoder F, Kammcrcr P, Kuhr K, et al. (2010) 
Association of T-cell regulatory gene polymorphisms with oral scjuamous cell 
carcinoma. Oral Oncol 46: 543-548. 

36. Rahimifar S, Erfani N, Sarraf Z, Ghadcri A (2010) ctla-4 gene variations may 
influence cervical cancer susceptibility. Gynecol Oncol 119: 136-139. 

37. Cheng XL, Ning T, Xu CQ, Li Y, Zhu BS, et al. (201 1) Haplotype analysis of 
CTLA4 gene and risk of esophageal squamous cell carcinoma in Anyang area of 
China. Hepatogastroenterology 58: 432-437. 

38. Dunn GP, Old LJ, Schreiber RD (2004) The three Es of cancer immunocditing. 
Annu Rev Immunol 22: 329-360. 

39. Dunn GP, Bruce AT, Ikcda H, Old LJ, Schreiber RD (2002) Cancer 
immunocditing: from immuno surveillance to tumor escape. Nat Immunol 3: 
991-998. 

40. Aggarwal BB, Shishodia S, Sandur SK, Pandey MK, Sethi G (2006) 
Inflammation and cancer: how hot is the link? Biochem Pharmacol 72: 1605— 
1621. 

41. Schcipers P, Reiser H (1998) Fas-independent death of activated CD4(4-) T 
lymphocytes induced by CTLA-4 crosslinking. Proc Natl Acad Sci U S A 95: 
10083-10088. 

42. Beissert S, Bluestone JA, Mindt I, Voskort M, Metze D, et al. (1999) Reduced 
ultra violet- induced carcinogenesis in mice with a functional disruption in B7- 
mediated eostimulation. J Immunol 163: 6725—6731. 

43. Ueda H, Howson JM, Esposito L, Hcward J, Snook H, et al. (2003) Association 
of the T-cell regulatory gene CTLA4 with susceptibility to autoimmune disease. 
Nature 423: 506-511. 

44. Hernandez J, Ko A, Sherman LA (2001) CTLA-4 blockade enhances the CTL 
responses to the p53 self-tumor antigen. J Immunol 166: 3908-3914. 

45. EspcnschiedJ, Lamont J, Longmate J, Pendas S, Wang Z, et al. (2003) CTLA-4 
blockade enhances the therapeutic effect of an attenuated poxvirus vaccine 
targeting p53 in an established murine tumor model. J Immunol 170: 3401- 
3407. 



PLOS ONE | www.plosone.org 



9 



December 2013 | Volume 8 | Issue 12 | e83710 



